The aim of this review is to present and discuss the effect of different levels of alcohol consumption on the immune system. Not only the amount consumed but also the type of alcoholic beverage have to be taken into account in order to determine the consequences on activity, number, distribution, balance, interaction and response of immunocompetent cells. The association between alcohol exposure and the risk of developing an alcohol-related disease is multifactorial. In fact, age, gender, smoking habits, dietary intake and exercise are involved among other factors. The evaluation of the host cellular and humoral immune responses has shown that alcohol may induce some benefits when consumption is moderate. Moreover, those alcoholic beverages that contain antioxidants, such as red wine, could be protectors against immune cell damage. According to the literature consulted, the daily consumption of 10 -12 g and 20 -24 g of alcohol for women and men, respectively, is considered to be a moderate intake; the type of beverage has been established not to be important when defining moderation. Particular attention is often focused on the U-or J-shaped curve which also suggests that light to moderate drinking produces a protective effect. Such an inverse relationship indicates a reduction of risk for both light and moderate consumers and a higher risk not only for hard drinkers, but also for non-consumers.
Introduction
The association between alcohol exposure and the risk of developing an alcohol-related disease is multifactorial and there is a considerable individual variation of the risk, with a particular female susceptibility (Thakker, 1998) . This highly variable individual susceptibility is influenced apart from gender, by different factors such as age, race, hormones, body mass, personality, as well as genetic and environmental factors. Lifestyle factors such as smoking and a general healthy status can also modify the net effect of alcohol (Rimm et al, 1996) . Particular attention is often focused on the U-or J-shaped curve which suggests that light to moderate drinking produces a protective effect (González-Gross et al, 2000) . Such an inverse relationship indicates a reduction of risk for both light and moderate consumers and an excess risk not only for hard drinkers, but also for non-consumers. These possible net beneficial health effects of moderate drinking may be achieved in less risky ways by refraining from smoking, eating less dietary fat, and doing regular exercise. The incidence and severity of the negative consequences is proportional to the quantity of alcohol consumed (Thakker, 1998) .
Alcohol-induced morbidity
Although more severe alcohol-induced morbidity is generally preceded by high levels of alcohol consumption and long duration of drinking, both temporal development and progression of lesions are highly variable. Many types of organ damage that are often associated with excessive alcohol consumption are in fact not commonly found, even in populations of hard drinkers and alcoholics. Cardiomyopathy is rare, whereas liver cirrhosis and pancreatitis are usually limited to a minority. Conditions that occur more commonly include digestive disturbances, fatty infiltration of the liver, gastrointestinal bleeding, neuropsychological impairment, nutritional deficiency, peripheral neurophathy, and skeletal myopathy (Thakker, 1998) .
Toxic substances can lead to organotoxicity, carcinogenicity, genetic effects, and teratogenicity, and also affect the immune system. All of these effects have been observed by the reactions of alcohol or its metabolites with body constituents (Ashley et al, 1997) . The two toxicity types of ethanol which are most readily discussed are hepatoxicity and neurotoxicity, but there is a persistent and widespread ambivalence to recognising 'the intrinsic toxicity of alcohol'. Even today it is generally accepted that drinking alcohol regularly for years is toxic to almost every tissue in the body. In the last few years, researchers have become more knowledgeable about the influence of alcohol consumption, both in moderate and high amounts, on the immune system. A review of the state of the art is the objective of the present article.
Definition of moderate alcohol consumption
For many years the lack of consensus in defining the moderate consumption of alcohol has led, in most of the cases, to make it difficult to compare results in studies all over the world. For example, in the UK, moderation is defined as 21 units of alcohol a week for men and 14 units a week for women, a unit being 10 g of alcohol. In the USA, the most recent dietary guidelines define moderate drinking as up to 2 drinks a day for men and 1 drink a day for women (Rimm, 2000) .
The problem emerges because there is no definition of the alcohol content of a drink. The type of beverage is not taken into account when defining moderation. In Spain and in other European countries there are no official public health guidelines for moderate alcohol consumption. As has been stated by Kalant and Poikolainen (1999) , the moderate consumption of alcohol in the sense of optimum is the amount of alcohol which is associated with the lowest mortality risk in the population. Our research group has recently proposed, in accordance with other international organizations, that moderate alcohol consumption can be defined in terms of 10 -12 g=day for women and 20 -24 g=day for men (Gonzá-lez-Gross et al, 2000) . Several studies (Keil et al, 1997; Thakker, 1998 ) have separated beverage-specific relative risks but until now it has not been possible to conclude that one type of beverage is more protective than other.
Inter-relationship between alcohol consumption and the immune system
The severity of the changes on the immune system and nutritional status in alcohol drinkers depends on different factors: age, race, gender, body composition, environmental factors, time of consumption, amount, and the type of alcoholic beverage.
The effects of alcohol on the immune system have been mainly attributed to a deficient nutritional status, which is frequently triggered in alcohol abusers. Alcohol abuse is considered to be one factor that interferes with the host's immune surveillance system and has been implicated in atrophy of the thymus and spleen, loss or redistribution of peripheral blood leukocytes and diminished humoral and cell-mediated immune responses (Cook, 1998) .
Ethanol and cellular immunity
In cell-mediated immunity, the effector step is initiated through specific antigen recognition by memory or effector T cells. When studying alcoholic patients, the following parameters should be considered in the cellular immune status: absolute number of circulating T lymphocytes, the character of the sensitizing antigen, the possible experimental disparity of evaluating blood lymphocytes as compared to tissue derives lymphocytes accumulating at the active site of liver cell damage, serum factors on cellular immunity, the effect of ethanol and its intermediate metabolites on lymphocytes and macrophages, possible abnormalities in macrophage function integrative T cell -T cell, and B cells and the role of malnutrition on lymphocyte function. In this regard, several nutritional deficiencies have been described in the alcoholic patient, all of which may influence lymphocyte function (Szabo, 1999) .
In fact, three decades ago the delayed skin hypersensitivity response had already been found to be commonly low in patients with ethanol-related liver disease using purified protein derivatives: histoplasmin, streptokinase-streptodornase, coccidiodin and candida antigens. A positive skin response was only shown in 32% of the patients with alcoholic disease (Straus et al, 1971) .
It is important to highlight that the intensity of alcohol consumption should be considered when evaluating the immune response. Thus, alterations on the immune function in vivo are associated with differences in the amount and duration of ethanol intake when the response to the intradermal injection of phytohemaglutinin is assessed. In fact, when ethanol intake is low, the area of induration (skin test response) has been found to be significantly enhanced. On the contrary, high doses of ethanol significantly diminished this response (Mendenhall et al, 1997) .
The alcoholic beverages that contain antioxidants, like red wine, could be protectors against immune cell damage (Percival & Sims, 2000) . Baseline cell numbers have been observed to be significantly suppressed in mice submitted to alcohol consumption as ethanol. However, in mice consuming the same amount of alcohol as wine, the baseline cell numbers remain at the same level as those consuming water as the control group. Likewise, lymphocyte response to lipopolysaccharide challenge has been shown to be inhibited in those mice consuming ethanol, and to be normal in those consuming the same amount of alcohol as wine. NK cells have been reported to display reduced functional activity in alcoholics; alcoholics without liver disease may have normal NK number and activity, but in some alcohol-related diseases NK cell number is largely reduced and loss of NK activity occurs (Cook, 1998) . Cook (1998) has pointed out that chronic alcohol consumption alters the humoral immune function. Although B cell number has been found to be normal or slightly reduced in alcoholics without liver disease, it often appears to be significantly decreased in patients with alcohol disease. The immunoglobulins -produced by B cells against pathogens as the host defence response -are usually increased in alcoholics suffering from liver disease. This hypergammaglobulinaemia could be caused by an excessive antigenic stimulation of B lymphocytes (Cook, 1998) .
Ethanol and humoral immunity
Total serum IgE is increased in alcoholic liver cirrhosis. It was initially suggested that advanced liver injury is the cause of increased IgE levels as also occurs in the other immunoglobulins. However, it has been recently reported that serum IgE is only increased in patients with alcoholic cirrhosis when compared with patients suffering from liver cirrhosis produced by other factors (González-Quintela et al, 1999) .
Furthermore, serum IgE levels are shortly decreased in alcoholics after ethanol abstinence. Therefore, it has been suggested that chronic ethanol ingestion per se may play a role in increasing IgE (Miguez Burbano et al, 1995) . Likewise, it has been shown that ethanol-related IgE increase is independent of associated habits such as smoking, both in alcoholics and in a defined healthy population (González-Quintela et al, 2000) . From this data it may be hypothesized that IgE increases in alcoholics might be due to alcohol and its metabolites per se, which would mean that alcohol could act as an additional antigen or allergen (Domínguez-Santalla et al, 2001 ).
The role played by cytokines
Chronic alcoholism and alcoholic liver disease are accompanied by cytokine production. In fact, serum IL-6, IL-8, IL-10, IL-12 and IL-13 have been found to be normally elevated in alcoholics in comparison with control subjects (Domín-guez-Santalla et al, 2001).
Moreover, those increased serum IL-6, IL-10 and IL-8 levels found in alcoholics have been reported to decline in few days after alcohol abstinence. On the other hand, IL-8 increases have been shown in healthy subjects after being submitted to alcohol consumption. It has been suggested that the increased synthesis especially of IL-6 and Th2 cytokines, such as IL-10 and IL-13, in alcoholics could be involved in promoting IgE synthesis (González-Quintela et al, 2000) . However, further studies are necessary to establish the influence of alcohol consumption on interleukin production and its implication on IgE production.
Conclusion
It is important to highlight that moderate consumption seems to have a better impact on the immune system than excessive or absence of consumption, which is shown in a gaussian-type curve (Figure 1 ).
An inverse relationship is suggested when comparing effects of moderate and excessive alcohol consumption on the immune response. In fact, both cell-mediated and Alcohol consumption and the immune system LE Díaz et al humoral immune responses are abnormally elevated by alcohol consumption leading to damage on secondary lymphoid organs. On the contrary, immune functions return to normal levels when alcohol intake is moderate or low, thus improving immunocompetence (Figure 2 ).
